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論文内容要約 
 This dissertation was composed with the background issues of the urgent necessity for the treatment of 
food-industry wastewater. Almost every single activity of human beings requires the participation of water. 
There has been a continuous increase of water use level, and majority of this growth will much likely be 
attributed to the demand of the industrial uses. As the population growth, socio-economic development and 
consumption pattern change, the explosive increase on the food-industry results in large amount of 
food-industry wastewater discharge. Facing with the gap of wastewater generation and treatment, and the 
problem of environment and economy, this dissertation aimed at developing a novel anaerobic reactor for an 
effective and economical anaerobic treatment of food-industry wastewater. 
 The purpose of this dissertation is to understand the current situation of food industry wastewater 
treatment, and to design a novel anaerobic reactor for more stable food industry wastewater treatment and 
higher efficiency biogas energy recovery. Therefore, two specific types of wastewater are analyzed and 
applied, a novel AnCMR-SC is designed and modified in the dissertation for the research. The results and 
experiences are concluded for the continuous of further researches and applications. 
 The first study in this dissertation, as shown in Chapter 3, investigated the effect of HRT on the starch 
industry wastewater treatment by the AnCMR-SC. The AnCMR-SC, also known as Anaerobic Completely 
Mixed Reactor with Suspended Carrier, is a novel, UASB based anaerobic reactor aiming at treating the 
wastewater containing high organic suspended solids. The HRT was set from 36h to 2h. The synthetic 
starch industry wastewater COD was 1000mg/L. The AnCMR-SC was operated in parallel with a standard 
UASB reactor. The AnCMR-SC had a similar S-COD removal efficiency (86.2%) compared with the UASB, 
while the T-COD removal efficiency of AnCMR-SC (66.2%) did not reach the assumption. As the HRT 
decreased, the SS removal efficiency decreased, and finally dropped to zero. However, the stability of 
AnCMR-SC is higher than UASB, especially under short HRT situation (HRT≤ 6h). 
The results of the AnCMR-SC and the results comparison of AnCMR-SC and UASB suggests that it has a 
  
potential application in biodegradation and bioenergy conversion. The structure of the AnCMR-SC makes it 
can be functional even in the low HRT and high OLR situation. Though the AnCMR-SC still require certain 
modification to increase its SS removal ability, the S-COD removal efficiency of AnCMR-SC is similar to that 
of UASB. Therefore, in current situation, the AnCMR-SC could achieve with low S-COD effluent, which 
could be reuse in the starch industry production process when the starch particles could remained in the 
process to be filtered or regained during the starch industry production process. 
 The second study in this dissertation, as shown in Chapter 4, investigated the effect of COD on the starch 
industry wastewater treatment by the AnCMR-SC. In this chapter, the effect of influent COD concentration 
on the efficiency AnCMR-SC system treating starch wastewater was studied. The same treatment process 
were applied to treat synthetic starch wastewater with different COD. Moreover, the AnCMR-SC was 
modified based on the experiment results for a better removal efficiency and methane production rate. The 
COD of synthetic wastewater was 1000-6000mg/L. The system was operated in the long run to investigate 
the performance of the system during each influent COD concentration. The purpose of experiment is to 
analyze the possibility of using AnCMR-SC treating high COD concentration wastewater and its long-term 
operation potential. The effect of COD concentration in AnCMR-SC is discussed based on the results of bio 
methane production, organic removal, long-term stability, etc. The same UASB reactor used in the former 
chapter was operated in parallel for a certain period of time to investigate the effect of COD on the function 
of the modified novel AnCMR-SC. 
 In order to achieve better performance, the AnCMR-SC was redesigned and modified during the 
experiment. The influent COD of synthetic wastewater increased from 1000mg/L to 6000mg/L. The HRT 
was set at 12h for the old AnCMR-SC and 8h for the new AnCMR-SC. The AnCMR-SC was operated in 
parallel with a standard UASB reactor. As the COD increased, AnCMR-SC in both HRT situations showed 
considerable stability compared with the UASB, which had to be shut down during the experiment period 
because of the sludge expansions. After the modification, both T-COD and SS removal efficiency of the new 
AnCMR-SC (56.7% and 45.1%) improved dramatically compared with the old AnCMR-SC (27.1%, 21.3%).  
 The results of the UASB and old AnCMR-SC suggests that under the same operation situation, such as 
HRT and influent COD, the AnCMR-SC could not reach the same results as UASB, the situation went 
worse as the T-COD increased. The low hydrolysis rate was the main reason for the low COD removal 
efficiency. However, the S-COD removal efficiency of AnCMR-SC and UASB were similar. Besides, the 
stability of AnCMR-SC was still better than UASB, especially under short HRT situation. Therefore, the 
potential application of AnCMR-SC still existed. In order to improve the performance of AnCMR-SC, a 
new-designed AnCMR-SC was required. 
 After the modification, the results of two AnCMR-SCs and UASB suggests that the modification of 
AnCMR-SC was considerably successful. Under the same operation situation, such as HRT and influent 
COD, the modified AnCMR-SC had better COD and SS removal efficiency compared with the old 
AnCMR-SC. In addition, as the OLR increased, the performance of AnCMR-SC remained stable, and 
showed no tendency of deterioration. However, the low hydrolysis ratio still was the main limit of 
AnCMR-SC. The stability of AnCMR-SC was still better than UASB, especially under short HRT and high 
OLR situation. The AnCMR-SC could be operated under high SS situation, and the organic SS content in 
the substrate could be effectively removed. Therefore, the potential application of AnCMR-SC still existed. 
 The third study in this dissertation, as shown in Chapter 5, was a field investigation on a slaughterhouse 
wastewater treatment facility. Compared with a UASB reactor, the AnCMR-SC suffers weaker COD 
removal efficiency under short HRT situation, and could not decompose the organic SS particles in the 
wastewater, and this result seems more obvious as the influent COD increased. However, under relatively 
longer HRT situation (HRT=12h, 24h, etc.), the AnCMR-SC seems to have similar process capability like a 
standard UASB reactor. Besides, the long-term operation stability of AnCMR-SC is better than UASB, 
especially under high SS condition, therefore it could be assumed that the AnCMR-SC could be used to 
replace UASB under certain circumstances. During the actual operation of UASB on COD removal and 
methane production, the influent SS should be removed before flow into UASB reactor. Theoretically, when 
AnCMR-SC was applied on anaerobic treatment instead of UASB, certain process to remove the SS in the 
wastewater before anaerobic treatment process, such as sedimentation, could be skipped to decrease the 
foundamentation investment and operation cost. In this chapter, a typical wastewater treatment plant was 
investigated for 7 months, for the further discussion on the possibility of AnCMR-SC application on actual 
wastewater. 
 The status of different treatment process and the removal efficiency were analyzed. The DAF process 
could effectively remove the suspended solids and undissolved particles in the wastewater, while the active 
sludge process could remove most of the rest organic matters. The total removal efficiency of the whole 
process was higher than 98%. However, in summer days, as the weather temperature increased, the 
slaughterhouse wastewater COD increased, causing the deterioration of final effluent status. 
The DAF-AS process could effectively remove the organic matters in the slaughterhouse wastewater. Since 
the DAF process places in front of UASB and AS process, the efficiency of DAF process is only related to the 
status of raw wastewater, and remains stable. Without the presence of UASB, the organic loading rate of AS 
process increased dramatically, and as the weather temperature increased, the situation turns worse. 
Though the current effluent status narrowly meets the tolerance limits, a modification on the current 
treatment process still requires. 
 After the 6-month’s field research, it could be concluded that under the current treatment method 
(DAF-AS), the effluent status merely stays below the tolerant limit, However, during the summer, as the 
temperature increases, the organic matters of slaughterhouse wastewater increasing, the effluent status 
gets worse, an anaerobic treatment is inevitable  for the further treatment of slaughterhouse wastewater. 
Considering the former failure experiences of UASB in the plant, the anaerobic treatment process requires a 
strong resistance to the high concentration of SS in the slaughterhouse wastewater, and the sludge 
expansion. The AnCMR-SC, based on the former research, is suitable for the treatment of slaughterhouse. 
Though the AnCMR-SC might have a lower T-COD removal efficiency compared with the UASB, the 
characters of AnCMR-SC could guarantee the long-term stability of the anaerobic treatment of the 
slaughterhouse wastewater. The organic matters that have not be degraded in AnCMR-SC could also be 
effectively removed by the aeration tank. 
 The pretreatment process of the slaughterhouse wastewater in the plant, namely the DAF process, was 
initially set-up to lower the suspended solids in the slaughterhouse wastewater, in order to increase the 
stability of anaerobic treatment process, and to decrease the organic loading rate of aerobic treatment 
process. If the AnCMR-SC is applied, the DAF process might be skipped for the pretreatment, or be 
reapplied as a post-treatment of the effluent, to further improve of the effluent status. 
The final study in this dissertation, as shown in Chapter 6, investigate the possibility of using AnCMR-SC 
treating slaughterhouse wastewater without any pretreatment. Based on the former research, the 
undissolved organic particles and suspended solids in the slaughterhouse wastewater could be entrapped 
and accumulated in the treatment process facility, thus affecting the anaerobic process, such as 
methanogenic reduction, sludge flotation, and biomass loss. The fat in the slaughterhouse wastewater also 
has similar effect. Therefore, an appropriate pretreatment for the separation of undissolved organic particles, 
suspended solids and floating fat in the slaughterhouse wastewater is necessary for a stable, effective and 
long-term anaerobic operation. 
 Three different types of slaughterhouse wastewater were analyzed and tested in this chapter. The results 
indicated that the AnCMR-SC could be directly used to treat the slaughterhouse wastewater and could have 
a removal efficiency of 81.4% in a stable condition, while the UASB showed sludge expansion and granule 
losses. 
 The results of AnCMR-SC and UASB suggests that under the same operation situation, such as HRT and 
influent COD, the AnCMR-SC could operate more stable than the UASB under same operational condition. 
The removal efficiency of AnCMR-SC was similar to that of UASB. The potential of using AnCMR-SC to 
replace the UASB for slaughterhouse wastewater treatment is considerable. For the two types of 
wastewater, the results of mixed raw wastewater is better than poultry feather wastewater. However, the 
differences between two substrate were limited. In addition, the following aerobic sludge process could 
remove the remained organic matters. Therefore, further investment and analysis are still required.  
 Despite the intensive studies on the anaerobic treatment of food-industry wastewater and other organic 
wastewater, there are still lots of remained unknown questions and possible improvements that requires 
further investigation. 
 In the studies in this dissertation, a novel anaerobic completely mixed reactor with suspended carrier 
(AnCMR-SC) was developed for the food-industry wastewater treatment. Different types of wastewater were 
used as substrate for anaerobic treatment. It would be interesting to find out the character of AnCMR-SC 
and its advantages and disadvantages compared with the UASB, since the AnCMR-SC is modified from the 
traditional UASB. 
 From the view of practical operation, the effect of HRT and wastewater on the performance of AnCMR-SC 
remained unknown. The investigation of this topic, though discussed in this dissertation, is not enough. 
Moreover, the field research on the wastewater treatment plant suggests the combination of 
physicochemical treatment and aerobic treatment could effectively remove the organic matters in the 
wastewater. However, to guarantee the effluent status and energy conservation, an anaerobic treatment 
remains to be an alternative method. 
 Many further questions came up with series of “what and how”: What is the critical boundary of the 
characteristics of substrates for the AnCMR-SC treatment? How will the modification of L/D ratio effect the 
efficiency of AnCMR-SC?  What will be the next improving point of AnCMR-SC? How to modify the current 
UASB reactor for AnCMR-SC… Though some of those big questions might have been answered by this 
dissertation, others majorly require finest detection technologies. 
 
 
